Background: Serum levels of soluble lectin-like oxidized low-density lipoprotein receptor-1 (sLOX-1) reflect increases in LOX-1 receptor expression associated with inflammation and metabolic disorders. Objectives: To examine sLOX-1 levels in metabolic syndrome and association of sLOX-1 with classical risk factors, and with metabolic syndrome, a clustering of metabolic disorders associated with cardiovascular risk factors. Methods: We selected 148 serum samples from patient participants with metabolic syndrome and 206 samples from patients with non-metabolic syndrome as controls, using the modified National Cholesterol Educational Program Adult Treatment Panel III (NCEP-ATP III) criteria. Results: Levels of sLOX-1 were increased significantly in participants with metabolic syndrome (P < 0.001). Serum sLOX-1 was positively associated with body mass index (BMI), blood pressure, fasting plasma glucose, triglyceride, and total cholesterol, but negatively associated with high-density lipoprotein cholesterol. Analysis of serum sLOX-1 for metabolic syndrome showed 99.03% specificity and 100% sensitivity. The area under the receiver operating characteristic curve was 0.998 (95%CI 0.996-1.001, P < 0.001). A univariate analysis showed sLOX-1 was significantly correlated with metabolic syndrome, but was not after adjustment for sex, age, blood pressure, and BMI. Multivariate regression analysis found that being overweight (82.3; 95%CI 10.7−631.9), hyperglycemia (1.1; 95%CI 1.1−1.2), and hypertriglyceridemia (1.1; 95%CI 1.0−1.1) were significantly correlated with metabolic syndrome. HDL cholesterol was a protective factor (0.96; 95%CI: 0.93−0.99). Conclusions: Serum sLOX-1 is a suitable biomarker for diagnosis of metabolic syndrome. However, univariate and multivariate analysis suggested that sLOX-1 may be a modulating factor, and not an independent risk factor.
(WHO) in 1999 determined insulin resistance as pivotal for diagnosis of metabolic syndrome [2] , while the National Cholesterol and Education Program Adult Treatment Panel III (NCEP-ATP III), American Association of Clinical Endocrinology, and International Diabetes Federation (IDF) adopted abdominal obesity as pivotal [3] [4] [5] [6] . However, the core components of the metabolic syndrome, which include dyslipidemia, impaired glucose tolerance, increased waist circumference and hypertension, are classical risk factors required for diagnosis [7] .
The lectin-like oxidized low density lipoprotein receptor (LOX-1) is a receptor for oxidized low density lipoprotein (oxidized LDL) and has been implicated in vascular inflammation, and atherosclerotic plague formation and destabilization [8, 9] . Binding of oxidized LDL to LOX-1 on vascular endothelial cells leads to the activation of nuclear factor-κb, resulting in endothelial cell dysfunction and increases in monocyte adhesion [10] . Proinflammatory and oxidative stimuli during atherogenesis, and advanced atherosclerotic plaques prominently upregulate LOX-1 expression [8, 11, 12] . LOX-1 is a type II membrane protein containing 4 domains including: a short N-terminal cytoplasmic domain, a transmembrane domain, a neck domain, and a lectin-like extracellular C-terminal domain [13, 14] . The extracellular domain can be cleaved proteolytically and released as a soluble form (sLOX-1). An elevated circulating level of sLOX-1 may reflect increases in LOX-1 receptor expression, inflammation, and metabolic disorder [15] [16] [17] . sLOX-1 is elevated in the plasma of individuals with obesity [18] and diabetic mellitus [19] , which are characterized as medical conditions of metabolic syndrome.
Plasma level of sLOX-1 has been proposed as a potential marker for chronic vascular inflammation. Therefore, the aim of this study was to verify the serum level of sLOX-1 in metabolic syndrome. The correlation of sLOX-1 and other classical risk factors for metabolic syndrome was also validated.
Materials and methods

Study population and study design
A case-control study was conducted at Thammasat University Hospital, Thailand. A total of 1,100 participants, Thammasat University officers who presented for an annual checkup in January 2009, were retrospectively enrolled and their demographic data (sex, age, weight, height, and blood pressure) were recorded. We selected 148 cases of metabolic syndrome and 206 normal controls using the National Cholesterol Educational Program Adult Treatment Panel III (NCEP-ATP III) criteria with a modification, replacing waist circumference with body mass index (BMI) [20, 21] . According to the modified NCEP-ATP III guidelines, metabolic syndrome is diagnosed when three or more of the following risk factors are present: (1) BMI ≥25 kg/m 2 for women and ≥27 kg/ m 2 for men, (2) fasting plasma glucose (FPG) ≥110 mg/dL, (3) systolic blood pressure ≥130 mmHg or diastolic blood pressure ≥85 mmHg, (4) fasting triglyceride ≥150 mg/dL, and (5) high-density lipoprotein cholesterol (HDL cholesterol) <40 mg/dL in men and <50 mg/dL in women. For control participants without metabolic syndrome, none above five risk factors were presented. The research protocol was reviewed and approved by the Human Research Ethics Committee of Thammasat University (No. 40/52). The Ethics Committee specifically waived the usual requirement for informed consent provided patient confidentiality was protected according to the principles of the contemporary version of the Declaration of Helsinki, and permitted demographic data collection and the reuse of samples taken for clinical purposes at the annual checkup in January, 2009.
Blood collection and measurement of classical risk factors
Fasting blood samples of all participants were drawn and used for determining the classical risk factors: FPG, total cholesterol, HDL-cholesterol, LDLcholesterol, and triglyceride using automated blood analyzer (Dimension clinical chemistry; RxL Max, Siemens).
Measurement of sLOX-1
Serum sLOX-1 was analyzed using sandwich enzyme-linked immunosorbent assay (DY1798, R&D system) and ELISA plate reader (Opsys MR, Dynex). Briefly, in each well of the microplate mouse was coated with anti-human LOX-1 (2 μg/mL). After blocking nonspecific binding sites with 1% bovine serum albumin in phosphate-buffered saline (PBS) diluent, test sample or standard (recombinant human LOX-1) dissolved in diluent (31−2000 pg/mL) were added (0.1 mL per well). After incubation for 2 hours at room temperature, the well was washed with 0.05% Tween 20 in PBS, pH 7.4. The sLOX-1 and recombinant human LOX-1 retained on the wells were detected by adding biotinylated goat anti-human LOX-1, streptavidin conjugated to horseradishperoxidase, and tetramethyl benzidine substrate. The color reaction was determined using microplate reader at λ 450 nm , subtracted with the reading at λ 570 nm . The coefficient of variation was 3.6% (n = 10) and the percent recovery was103.3% (n = 10). Sensitivity and specificity of sLOX-1 were analyzed using a receiver operating characteristic (ROC) curve.
Statistical analyses
Results are expressed as means and standard deviation (SD) or as median and interquartile range if the distribution of the data is skewed. Comparisons were performed using a chi-square or Fisher exact 677 Vol. 9 No. 5 October 2015 sLOX-1 in metabolic syndrome test for proportion, and a Student t or Mann-Whiney U test for continuous variables. The level of significance was set at P < 0.05. Spearman's rank correlation coefficients were used to examine the correlation between sLOX-1 levels and age, BMI, blood pressure, FPG, and lipid profiles with a significance cut off at P < 0.001. Multiple linear regression analysis was used to evaluate the contribution of each confounding factor for sLOX-1. Univariate and multivariate analysis were conducted using a logistic regression with 95% confidence interval. The Statistical Package for the Social Sciences software (version 16, SPSS, Chicago, IL, USA) was used for statistical analyses.
Results
Study population
We enrolled 148 participants with metabolic syndrome and 206 controls, and their characteristics are summarized in Table 1 .
The average age of participants with metabolic syndrome was significantly more than that of the controls, but there were not significantly more women or men in either group. BMI, blood pressure, fasting plasma glucose, total cholesterol, HDL cholesterol, and triglyceride were all significantly different between the metabolic syndrome and the control groups. Most characteristics in metabolic cases, with the exception of HDL-cholesterol, had higher average values than in the controls. However, LDL cholesterol levels were similar in both groups.
Serum sLOX-1 in metabolic syndrome
Serum sLOX-1 levels were higher in participants with metabolic syndrome [166. 5 (136.5- Figure 1B) .
Correlations of sLOX-1 levels with classical metabolic risk factors and serum lipid profiles were analyzed and the results are shown in Table 2 .
The circulating sLOX-1 levels were significantly correlated with age, BMI, blood pressure (BP), both systolic and diastolic. They were also correlated with FPG, total cholesterol, triglyceride, and HDL cholesterol, but not significantly correlated with sex or LDL cholesterol. Correlation between sLOX-1 and risk factors in Table 2 was analyzed by multiple linear regression and the results are shown in Table 3 . Results showed that age, SBP, BMI, FPG, and triglyceride were independently and significantly associated with sLOX-1 level.
Sensitivity and specificity of sLOX-1 were studied. At the cut-off value (114 pg/mL), sLOX-1 showed 99.0% vs 98.7% specificity and 100% vs 100% sensitivity in diagnosis of metabolic syndrome and control, respectively. The ROC curves presented a true positive fraction (sensitivity as Y axis) plotted against the false positive fraction (1 -specificity as X axis) for the diagnosis of metabolic syndrome. Area under the ROC curve was 0.998 (95%CI: 0.9961.001, P < 0.001), indicating that the level of sLOX-1 was highly sensitive and specific for metabolic syndrome.
Serum sLOX-1 as risk factor in metabolic syndrome
The univariate and multivariate logistic regression analyses of several parameters for predictive index of metabolic syndrome are summarized in Table 4 .
Univariate regression found that age older than 36 years, being overweight (BMI ≥25 kg/m 2 for women and ≥27 kg/m 2 for men), hypertension (SBP ≥130 mmHg, DBP ≥85 mmHg), hyperglycemia (FBG ≥110 mg/dL), hypertriglyceridemia (≥150 mg/dL), hypercholesterolemia (≥200 mg/dL), low HDL cholesterol (<40 mg/dL in men and <50 mg/dL in women), and high sLOX-1 level (>114 pg/mL) are significantly associated with metabolic syndrome.
Multivariate regression analysis found that being overweight, hyperglycemia, and hypertriglyceridemia produced an 82.3-(95%CI 10.7−631.9), 1.1-(95%CI 1.1−1.2), and 1.1-(95%CI 1.0−1.1)-fold higher risk of having metabolic syndrome, after adjusting for sex, age, SBP, DBP, BMI, and other variables ( Table 4) . HDL cholesterol level indicated a protective factor for metabolic syndrome of 0.96 (95%CI: 0.93−0.99). (100) 206 ( 
Discussion
Metabolism is a vital cellular chemical process. Disorders of metabolism lead to a group of risk factors for heart disease and other health problems [22] . It has been shown that patients with metabolic syndrome are at high-risk of developing many disorders. The sLOX-1 levels have been shown to significantly increase in atherosclerotic plaque instability [23] , diabetes mellitus [19] , obesity [18] , and are positively correlated with a reduction in body weight [24] . Association with coronary artery disease and metabolic disorders also suggested sLOX-1 as a biomarker for early detection of acute coronary syndrome [25, 26] . We therefore sought to assess whether serum sLOX-1 levels could be used as an index of metabolic syndrome.
Determination of serum sLOX-1 levels indicated an elevation in patients with metabolic syndrome compared with controls (P < 0.001). The result was consistent with that reported by Civelek et al. [27] , but the number of participants with metabolic syndrome was higher in our study. The results also showed that sLOX-1 levels were positively correlated with blood pressure, BMI, FPG, and triglyceride, but negatively correlated with HDL cholesterol (Table 2) , and serum sLOX-1 level depended on independent factors: age, SBP, BMI, FPG, and triglyceride ( Table 3) . Correlation between serum sLOX-1 levels and main criteria for diagnosis of metabolic syndrome suggested serum sLOX-1 level as a diagnostic index of metabolic syndrome. However, no correlation was observed between sLOX-1and LDL cholesterol (ρ = -0.02, P = 0.827). This finding is consistent with previous studies showing no significant correlation (Spearman's ρ = -0.02; P = 0.827) [25] .
Level of serum sLOX-1 at cut-off value (114 pg/ mL) showed efficient ability to differentiate metabolic syndrome from normal controls with sensitivity and specificity of 100% and 99%, respectively. The large area under the ROC curve (0.998) suggested that sLOX-1 is a suitable single biomarker with which to diagnose metabolic syndrome. However, given the modified NCEP-ATP III criteria, participants in the control group in the present study were identified as showing normal for all variables. Therefore, specificity of sLOX-1 in this study was higher than that previously reported (41.4%) [27] . The difference in average ages of participants with metabolic syndrome and controls was a limitation of this study. Because prevalence of metabolic syndrome increased strongly with age [28] , a higher number of participants with older age were enrolled in the metabolic syndrome group.
The univariate analysis found that serum sLOX-1 was strongly correlated with metabolic syndrome as shown in Table 4 . However, after adjustment for sex, age, blood pressure, and BMI, the associations between sLOX-1 and metabolic syndrome did not reach statistical significance. Therefore, sLOX-1 was not considered an independent risk factor for metabolic syndrome. Multivariate analysis found that BMI, FPG, systolic blood pressure, and triglyceride significantly correlated with metabolic syndrome in agreement with the criteria classified by NCEP-ATP III.
Previous study has shown that sLOX-1 increases markedly in acute coronary syndrome (ACS). Level of sLOX-1 was a more specific and sensitive biomarker of ACS than others such as cardiac troponin T (cTnT), heart type-fatty acid binding protein, and high sensitive C-reactive protein [26, 29] . The sLOX-1 was recommended as a suitable marker for early diagnosis of ACS than cTnT because 86% of the cTnT-negative patients showed sLOX-1 levels >1.0 ng/mL serum. Serum sLOX-1 levels were suggested to rise before ACS onset [25] . Taking together the previous results and the elevation of serum sLOX-1 levels associated with metabolic syndrome in the present study, serum sLOX-1 level might be used to predict the occurrence of cardiovascular events in patients with metabolic syndrome. The increased levels of sLOX-1 in people with metabolic syndrome suggest an increased risk for cardiovascular events. In further study, the cutoff value of sLOX-1 level should be considered for predicting ACS in patients with metabolic syndrome.
Conclusion
Serum sLOX-1 increased in metabolic syndrome with high sensitivity and specificity for discriminating metabolic syndrome from non-metabolic syndrome. Therefore, sLOX-1 is potentially a suitable diagnostic marker of metabolic syndrome. However, univariate and multivariate analysis suggested that sLOX-1 might be a modulating, not independent, risk factor for metabolic syndrome.
